Objective: The pattern of glomerulonephritis (GN) in Singapore is compared with that of 19 other countries to review changing trends in the evolution of GN in Asian, Eastern, and Western countries. Method: Three thousand two hundred and eighty-nine renal biopsies in Singapore were reviewed and compared with that of 19 other countries. Results: IgA nephritis is on the decline in many countries, including Singapore, though it still remains the commonest GN in Singapore. Membranous GN that if used to be more frequently present in Western countries has also declined though it continues a rising trend in countries such as Singapore and China. Worldwide, the frequency of focal sclerosing glomerulosclerosis (FSGS) continues to increase in many countries, but in some countries, the frequency is still low with mesangiocapillary GN remaining indigenous. Conclusion: Urbanization and socioeconomic changes and less exposure to parasitic and other infestations have transformed Singapore's pattern, which is tending toward that of more developed countries. Antigenic exposure due to lifestyle changes, environmental, and industrial pollution are significant contributory factors that affect the evolutionary trend of GN in many countries. The rising trend in the frequency of FSGS may reflect aging and obesity.
Introduction
Glomerular disease still remains a leading cause of end-stage renal failure worldwide. We undertake this review because we believe that an understanding of the changing pattern of glomerulonephritis (GN) worldwide will enable us to use such epidemiological data to help plan for better patient care and disease prevention. One such important study is the review on changing spectrum of kidney diseases by Hou et al. [1] from the National Clinical Research Centre of Kidney Diseases in Jinling Hospital in Nanjing with a large database of cases that compare renal biopsies done in 2 periods from 1979 to DOI: 10.1159/000500142 2002 (13,519 biopsies) and from 2003 to 2014 (40,759 biopsies). One of their key findings was that the rising frequency of membranous GN between these 2 periods could be related to industrialization and environmental pollution.
Another lesson is from a large Italian Registry by Zaza et al. [2] involving 4,378 adult patients where 1,185 or 27% of the biopsied patients have chronic renal failure. Their study revealed that even in patients with eGFR < 30 mLs/ min it was possible to perform an accurate histological diagnosis that enabled specific therapies in about 40%.
This present review is a longitudinal study spanning 4 decades where we compared our data with that of the international community to observe various periods where significant or pivotal changes have occurred throughout these periods and enable us to correlate such changes with environmental or other socioeconomic factors that have impacted and caused the pattern of GN to undergo evolution in these countries. Three main factors, geographical or environmental, socioeconomic, and genetic factors are the common agents of changes and varying measures of such factors would affect the distribution of both primary and secondary GN in various countries.
We had previously reported the changing pattern of primary GN over 3 decades in Singapore and various countries and as such countries improve with better socioeconomic circumstances, the renal biopsy pattern has changed accordingly. But now after evolving for 30 years, with data from the 4th decade, we evaluate if the present digital age with the accompanying rapidly changing circumstances would have a further impact on the present evolutionary pattern of GN worldwide.
Objectives
In this review, with data for the 4th decade, we can compare the changing trends in mesangial proliferative GN, IgA nephritis (IgA Nx), membranous GN, and focal and segmental glomerulosclerosis (FSGS), and in particular, evaluate whether the overall trend is in keeping with that observed in the Asian countries and the more developed Western countries, especially with regard to FSGS, which is fast becoming a very common form of GN among the developed nations [3] .
Materials and Methods

Renal Biopsy Registry
This is a retrospective study over 40 years on the evolving pattern of primary GN in a population not affected by any significant immigration or change in racial make-up over the first 30 years, though in the past 10 years, a limited immigration has occurred to offset the decreasing birth rate in the country, but this has not made any significant impact on the racial makeup of the past decade. A Renal Biopsy Registry was established 40 years ago. We have documented 4 decades of changes over the 1st, 2nd, 3rd, and 4th decades (1978-1988, 1988-1998, 1998-2008, 2008-2018) .
Toward the middle of the 1st decade, with the opening of the National University Hospital in 1985, about 15% of the renal biopsies were performed there, and the bulk 85% still performed at Singapore General Hospital (SGH) the main hospital. In the middle of the 3rd decade, 2003, a third renal unit was established in Tan Tock Seng Hospital, which biopsied about 10% of patients. In the 4th decade, during the past 3 years, another hospital has been opened, the Khoo Teck Puat Hospital, which biopsied 3% of the patients. So, throughout the 4 decades, the market share of the patient load in SGH has decreased and now continues to do about 70% of the biopsies. SGH is the oldest and the flagship hospital in the small city state and still serves as the main tertiary referral hospital.
The indications for renal biopsy were any one or more of the following in the 1st decade: • Proteinuria of > 0.2 g or more • Urine RBC persistently > 20 per high-power field. • Gross hematuria on follow-up associated with proteinuria of > 0.2 g or more. • Presence of abnormal renal function or hypertension.
In the 2nd and 3rd decades, the indications for renal biopsy were modified as our analysis of the biopsies in the 1st decade had shown that patients with very mild microscopic hematuria (< 100 per high-power field) and mild proteinuria (< 1 g/day) were found to have mild glomerular lesions with no significant glomerulosclerosis.
Therefore, for the 2nd, 3rd, and 4th decades, the indications for renal biopsy was any one or more of the following: • Proteinuria of 1 g or more.
• Urine RBC persistently > 100 per high-power field. • Gross hematuria on follow-up associated with proteinuria of 1 g or more. • Presence of abnormal renal function or hypertension.
These indications have since not changed over the past 3 decades, but the change in biopsy policy from the 2nd decade onward accounted for the decreased number of biopsies done in the 2nd, 3rd, and 4th decades.
The Classification of GN (World Health Organization, Collaborating Centre for the Histological Classification of Renal Diseases) used in this paper is similar to that adopted by Renal Biopsy Registries worldwide, and this has not changed significantly during the past 4 decades and will allow ease of comparison of biopsy data among various countries [4] .
Renal Biopsy Data Collection from Other Countries
These are the latest data in the various papers from these countries, incorporating as much data as we can from the original publications in Nephrology Journals during the past 40 years.
(i) Choice of the 4 sets with data that spanned longest period (years) so as to show changes over past 4 decades over a long period as in the case of Australia and the United States.
(ii) To strive to preserve a continuum of time frame over the past 2-4 decades and also incorporate the latest data from a particular country as in the case of United States where we included Sim et al. [5] study (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) , rather than Arias et al. [6] (1998-2007) . France as in Simon et al. [7] study and Italy's data from Zaza et al. [2] (1998-2010) were chosen to preserve the continuum as well as the latest data from that country.
(iii) Where the data were out of sync and inconsistent with a particular trend, we chose not to include it in the figures.
Statistics
Chi-square test (with Yate's correction) for 2 × 3 table of frequency counts were used to determine the significance of differences between data from the 1st, 2nd, and 3rd decades (D1 vs. D2 vs. D3). For differences between the 3rd and 4th decades (D3 vs. D4), 2 × 2 frequency counts were used. Table 1 on the demographics of the patients shows the number of patients with primary and secondary GN, gender, age, prevalence of obesity and diabetes, and per capita income. The mean age of the biopsied patients was 47.9 ± 13.5 years with a range from 15 to 85 years. Overall, the age of the biopsied patients has further increased, and this is consistent with the aging population. The data show an increasing trend for obesity, diabetes, as well as rising per capita income in the population. Table 2 shows the clinical presentation and distribution of the various types of primary GN in the 4 decades. The commonest clinical presentation in the 1st decade was asymptomatic hematuria and proteinuria. For the 2nd, 3rd, and 4th decades, nephrotic syndrome was the commonest with the proportion of nephrotic syndrome being more preponderant in the 3rd decade (36% in the 2nd decade versus 45% in the 3rd decade as well as in the 4th decade, [p < 0.00001]). Gross hematuria as a presenting feature was much less in the 4th decade compared to the 1st 3 decades (1 vs. 2%, 4 and 9% in the 3rd, 2nd, and 1st decade; p < 0.00001). Patients presenting with chronic renal failure had increased significantly in the 4th decade, 13% compared to 7, 1, and 3% in the 3rd, 2nd, and 1st decades (p < 0.00001). Renal Biopsy Data from Singapore Table 3 shows that the commonest histopathological diagnosis was IgA Nx, 42% in the 1st decade, 45% in the 2nd decade, and 40% in the 3rd decade, but in the 4th decade, it has decreased to 27%. Mesangial proliferative GN (Non IgA) was the second commonest cause of primary GN in the 1st decade (32%) but has steadily declined to 17% in the 2nd decade, 7% in the 2rd decade (p < 0.000001), and in the 4th decade only 4% (p < 0.00001). This decrease in the 4th decade of mesangial proliferative GN was accompanied by a significant increase in minimal change (p < 0.00001), FSGS (p < 0.00001), and membranous GN (p < 0.00001) compared to the 1st, 2nd, and 3rd decades. In both FSGS and membranous GN in the 4th decade, there was a significant increase compared to the 3rd decade. Crescenteric GN, though uncommon, had increased from 1 to 3% (p < 0.00956) between the 3rd and 4th decades. Table 4 presents renal biopsy data from 20 countries worldwide, and in 18 countries there are available data to enable readers to study the pattern of renal biopsies between 2 periods, at the beginning and about 40 years later to allow a comparison of the data in the individual country as well as comparison with other countries. It provides an analysis of evolving trends among the various countries and the surrounding regions. The data also show the common features in histological profile among Asian countries in contrast to others in the East as well as the West. We have presented a comprehensive table and have incorporated as much data as we can from the original publications in Nephrology Journals during the past 40 years. Based on data in the various papers from different countries, we have focused on the various primary GN, removing secondary GN (such as lupus nephritis and diabetic nephropathy) from the total numbers biopsied in order to obtain comparable data for various types of primary GN. Most countries had included IgA Nx as a separate group of primary GN. All the other mesangial proliferative GN that were non-IgA Nx were classified as mesangial proliferative GN. A few countries, however, grouped IgA Nx under mesangial proliferative GN in the initial years, but subsequently in later years also had separate categories for IgA Nx and mesangial proliferative GN. These countries also have a high prevalence of IgA Nx and are mainly in the Asian region.
Results
Demographics of Patients
Clinical Presentation
Comparison Among International Data
Some countries have a separate group classified under mesangiocapillary glomerulonephritis (MCGN) as it is still prevalent in their population, while other countries have very few patients with MCGN, such as Singapore (< 1%), and have included them under "Others." Where MCGN is separately classified as MCGN, we have included this as a separate heading named MCGN. Those countries with high frequency of MCGN usually have low frequency of mesangial proliferative GN. Both MCGN and mesangial proliferative GN are related to infections. Post infectious GN or diffuse endocapillary GN is very uncommon in many countries and their biopsy registries do not classify such biopsies as a separate group and in the few that do so we have included these under "Others" as well. As far as possible, we have strived toward the presentation of data, which would enable us to make appropriate comparisons for the distribution of primary GN among the various countries. 100.0 Table 4 shows the frequency distribution of the various types of Primary GN among the 20 countries. The second column shows the reference number and the third the authors' names. The data for the past 4 decades are shown to allow comparison. We have used the term "frequency" for the various countries to enable us to compare the distribution of the various GN in these countries. We are aware that the term may not be appropriate for countries that have a national renal biopsy registry, which documents all or most of the renal biopsy data nationally and for these countries the term "prevalence" would be more appropriate. But the vast majority of countries do not have a national renal biopsy registry that documents all renal biopsies in the country. Certainly, in large countries such as China and India with their huge population, a truly national or single country wide registry would be a mammoth task and difficult to achieve. So, while we use the term frequency for all countries in this study, it is with the understanding that for many countries it would be more accurate to state that we are in fact comparing the "percentages" or "frequencies" of various categories of GN among these countries rather than the actual prevalence, which is only obtained when we have a national registry collecting all the biopsies throughout that particular country.
We acknowledge that the determination of the frequency of primary FSGS may be considered flawed as the ability to distinguish primary from genetic and secondary FSGS by light microscopy alone is doubtful [8] . In this paper, data on Primary FSGS are obtained from published reports of the host country. Figures 1-4 show the various countries from among the countries where there are significant changing trends in the frequency for mesangial proliferative GN (decreasing frequency), IgA Nx (decreasing frequency), membranous GN (decreasing frequency), and FSGS (increasing frequency).
Decreasing Frequency of Mesangial Proliferative GN and IgA Nx
In this study, we have documented 4 decades of renal biopsy data, the 1st decade shows IgA Nx as the most common GN with mesangial proliferative GN as the 2nd most common. However, in Singapore, mesangial proliferative GN has been steadily decreasing as mentioned earlier, but IgA Nx, though the frequency is decreasing, still remains the most common GN. In general, countries in the Asian region with a high frequency of mesangial proliferative GN also have a high frequency of IgA Nx such as China [9] , Hong Kong [10] , Japan [11] , Malaysia [12] , Singapore [13-15, current] , and Thailand [16] as shown in Table 4 . However, by the 4th decade, countries such as Australia [17] , China [9] , India [18] , Japan [19] , Singapore (current), Malaysia [12] , and UK [20] have also documented decreasing frequency of mesangial proliferative GN over the past 4 decades as shown in (Fig. 1 , Table 4 ).
However, in the 4th decade, a pivotal shift has occurred, many countries with increasing IgA Nx are now seeing a dramatic decrease as in Australia [17] , China [9] . Singapore (current), USA [5] , UK [20] , Italy [2] and India [18] , and Korea [21] , but in Japan [11] and Malaysia [12] , the frequency of IgA Nx continues to increase in the 4th decade as seen in Figure 2 and Table 4 . This decrease in IgA Nx in many countries is the first pivotal shift in the changing trend of the renal biopsy pattern in these countries in the 4th decade.
Decreasing Frequency of Membranous GN
Among Western countries in the preceding 3 decades before the 4th decade, Australia [22] , France [7] , Russia [23] , and the United Kingdom [24] and have also documented a rise in the frequency of membranous GN (Table  4 ). But in the 4th decade, though the frequency of membranous GN continues to increase in China [9] and Singapore (current; Fig. 3 ), in some countries, mainly in the West, such as Italy [2] , UK [20] , and USA [5] , the frequency of membranous GN in the 4th decade is showing a declining trend as seen in Figure 3 , but in the case of Australia, the difference in the decline between the 3rd and 4th decades was not significant statistically (p = 0.45) [17] . This decreasing frequency of membranous GN in countries previously prevalent such as in UK, France, Italy, and USA (Table 4) is the second pivotal shift in the changing pattern of GN in these countries in the 4th decade. Singapore and China, with its still rising frequency of membranous GN, have not yet reached this pivotal point in the evolution of their renal biopsy pattern in this regard.
The Rising Frequency of FSGS By the 3rd decade, there appears to be a wide spread increased frequency of FSGS in many countries such as Australia [22] , India [25] , Singapore [13, 14, current] , Thailand [26] , and USA [27, 28] as shown in Table 4 and Figure 4 . But in the surrounding Asian countries such as China [29] , Hong Kong [10] , Japan [30] , Korea [31] , and Malaysia [32] , the frequency of FSGS is still rather low ( Table 4 ). In Singapore, in the 3rd decade, the frequency has risen dramatically together with Thailand [26] (Fig. 4 ). However, in certain countries in the West such as France [7] and Spain [33] , the frequency of FSGS is also still relatively low (Table 4 ). Then in the 4th decade, the frequency of FSGS goes on a meteoric rise in Singapore (current), Italy [2] , USA [5] , UK [20] , China [9] , and Malaysia [12] , but in India [18] and Korea [21] , there appears to be a significantly decreasing trend for frequency of FSGS between the 3rd and 4th decades. The meteoric rise of FSGS in the many countries mentioned above indicates the third pivotal shift in the renal biopsy pattern of these countries.
Discussion
Factors Influencing the Pattern of GN Singapore is still in the phase of membranous GN plus increasing FSGS as in Malaysia, Thailand, and China. Membranous GN represents infective pathogenesis with smaller immune complexes deposition in the glomerular basement membrane as opposed to the olden days (1st decade), where the infective pathogenesis involved larger immune complexes with deposition in the mesangium giving rise to mesangial proliferative GN. The smaller immune complexes for membranous GN could be from viral or some other infections such as hepatitis. In a recent review from China [1] , there was also a reported increase in membranous GN, which was attributed to environmental exposure, industrialization, and lifestyle changes. It was suggested that industrialization was accompanied by environmental pollution, involving heavy metals and organic solvents. The authors believe that the high frequency of membranous GN was most likely associated with poor air quality with long-term exposure to high levels of PM 2.5 with increased risk of membranous GN [34] .
As shown from the data on the 4 decades of renal biopsy in Singapore, one of the main factors that may play a role in the evolutionary pattern of GN in the population could be the socioeconomic change affecting the country. This is a trend reflecting the degree of development of the nation with a population living in less developed housing facilities in the early years with exposure to parasitic, bacterial, and other infective agents predisposing 45 to mesangial proliferative GN consistent with the large size of the immune complexes trapped in the mesangium and hence invoking the immune reaction [13] . This would be true in Asian countries such as China [29, 35] , Japan [30] , Malaysia [36] , and Thailand [26, 37] (Singapore [13] included), which have a high frequency of mesangial proliferative GN (Table 3 ). In some countries such as Japan [19] , Korea [21] , Malaysia [12] , and Singapore [15, current] , the frequency of mesangial proliferative GN is already decreasing in keeping with urbanization and better housing and other amenities in these countries. With subsequent resettlement of the people into improved living facilities with GN resulting from infections by parasites and bacteria slowly declining, the immune complexes being smaller now resulting more from viral and other infections, as well as other industrial allergens and environmental pollution. Possibly, these smaller immune complexes trapped in the basement membrane have led to the development of membranous GN [3] . Thus, a rising frequency of membranous GN is seen in these countries.
Even though primary GN is the commonest form of GN in Singapore, secondary GN is on the rise, and though lupus nephritis remains the commonest cause of secondary GN in clinical practice, diabetes is much more common because in practice many patients with diabetic nephropathy are not biopsied as nephrologists felt that a biopsy would not alter the management of their patients unlike patients with lupus nephritis, where a renal biopsy is necessary for diagnosis and management of the disease. In many countries, the prevalence of diabetes and obesity has steadily increased. We believe that this is related to the increasing number of patients with obesity and diabetes mellitus, a pattern representing the rising affluence in these countries where diabetes represents the changing lifestyle of fast food and unhealthy diets predisposing to obesity and diabetes [38] . This same trend has also been observed in Singapore [3] and the surrounding countries such as Malaysia [39], Taiwan [40, 41] , India [42] , and Australia [17, 43] , where diabetes is the commonest secondary GN and also the commonest cause of end-stage renal failure.
In terms of allergens and pollutants as causation of GN in Singapore, minimal change disease is the commonest cause of the nephrotic syndrome (32%) followed by FSGS (29.3%) the next commonest cause, perhaps the result of Singapore having the highest percentage of tree space (23%) planted in its land space, numbering among the top 10 cities in the world with the most green space from trees planted [44] . With increased greenery, perhaps there is also increased exposure to pollen and hay fever induced by allergens. Hence, in the 4th decade, the age of artificial intelligence, we live in a new world of smart global villages with the inhabitants exposed to allergens and pollutants, products of industrialization and civilization, in a world held to ransom by CO 2 emission resulting from climatic change [45] . And for the super economies in the Western world such as the United States and the United Kingdom, these have gone past the phase of increasing membranous GN and together with the decline in IgA Nx and membranous GN, they are now faced with the dilemma of ever increasing FSGS, a disease reflecting the changing era of the digital age.
Conclusion
We can conclude that with urbanization and socioeconomic changes and less exposure to parasitic and other infestations, Singapore's biopsy pattern is tending toward that of more developed countries. Antigenic exposure due to lifestyle changes, environmental and industrial allergens, as well as dietary factors may be significant contributory factors, which predispose to the rising frequency of membranous GN and FSGS. This trend is true for the surrounding Asian countries including China as well in comparison to the more advanced super economies such as USA and UK, where many are faced with the rising trend of FSGS with the decline in membranous GN.
